Introduction {#sec1-0300060516666229}
============

According to the World Health Organization, lung cancer is the most common cancer worldwide and has the highest mortality. Although an integrated multidisciplinary approach to the treatment of lung cancer has improved patient outcomes, there have been no breakthrough treatments with long-term efficacy. Our understanding of the pathogenesis of lung cancer is still incomplete, and fundamental and effective treatment approaches are lacking. There is thus an urgent need to identify novel therapeutic strategies for lung cancer. Using tumour endocrinology and molecular biology techniques, many studies have shown that hormones play an important role in the initiation and development of tumours. Moreover, treatments targeting hormones and their receptors have achieved good outcomes in multiple cancers, such as breast, prostate, and thyroid cancers. Recent work showing that oestrogen receptor (ER) expression is linked to the incidence and progression of lung cancer has increased interest in this area of research. In the present study, we performed immunohistochemical (IHC) staining to investigate ER expression in tumour samples and adjacent normal lung tissue samples from patients with non-small cell lung cancer (NSCLC) and to determine its clinicopathological significance.

Patients and methods {#sec2-0300060516666229}
====================

Patients {#sec3-0300060516666229}
--------

A total of 67 patients with NSCLC who had undergone complete resection at Fujian Medical University Union Hospital between January 2001 and December 2005 and for whom there were complete clinical data were randomly selected for the study. Patients did not have chronic liver, kidney, or endocrine disorders; had not received preoperative radiotherapy or chemotherapy; and had not been treated with hormone drugs for 1 month before surgery. Ethical approval for the study was provided by the Ethics Committee of Fujian Medical University (Ref. No. 2013KY019). Written informed consent for the use of tissue samples in this study was provided by the patient or by a relative if the patient was too ill to consent.

IHC analysis of ER expression in lung tissues {#sec4-0300060516666229}
---------------------------------------------

Sixty-seven samples of NSCLC tissue and 55 samples of adjacent normal lung tissue (∼2 -- 3 cm from the tumours) were obtained from 67 patients. Tissues were fixed with 10% formaldehyde, embedded in paraffin, and serially sectioned (2--3 µm). Sections were transferred to slides and incubated at 60℃ for 4 h. Sections were dewaxed and hydrated by conventional methods, and antigen retrieval was performed by incubation in citrate buffer under high pressure for 1.5 min. Sections were incubated with 3% hydrogen peroxide at room temperature for 10 min and then with normal goat serum at room temperature for 10 min. Sections were incubated with primary antibody (rabbit anti-human oestrogen receptor monoclonal antibody^[@bibr1-0300060516666229]^) at room temperature for 60 min and then with secondary antibody (KIT-5910 MaxVision HRP-Polymer anti-rabbit IHC Kit; Fuzhou Maixin Biotechnology Development) at room temperature for 15 min. 3,3′-Diaminobenzidine tetrahydrochloride (DAB) substrate was added for 5 min, and the sections were counterstained with haematoxylin and differentiated with acid alcohol. Finally, samples were dehydrated through a graded series of alcohol, cleared in xylene, coverslipped, and observed under a microscope.

Scoring of ER expression {#sec5-0300060516666229}
------------------------

Slides were examined under a light microscope by two experienced specialist physicians who were blinded to the tissue origin. Positive staining appeared as brown or yellow granules in the nucleus. Five fields (×400) of each section were randomly selected and 200 cells/field were counted. Tissue samples with \> 20% positively stained cells were considered positive for ER expression.

Statistical analyses {#sec6-0300060516666229}
--------------------

Data were analysed with SPSS software (version 19.0; IBM, Armonk, NY, USA). Group differences were analysed by χ^2^-test and Fisher's exact test. Survival analysis was performed by the Kaplan--Meier method with log rank test. A *P* value of \<0.05 was considered statistically significant.

Results {#sec7-0300060516666229}
=======

Patients {#sec8-0300060516666229}
--------

Patient clinicopathological characteristics are shown in [Table 1](#table1-0300060516666229){ref-type="table"}. The 67 patients comprised 45 men and 22 women with a median age of 57 years (range 36 -- 78). Forty-one patients were aged \< 60 years. TNM staging was performed using the Union for International Cancer Control 1997 guidelines^2^: 8 patients had stage I disease, 24 had stage II, 32 had stage III, and 3 had stage IV. Forty-four patients had lymph node metastasis. According to the World Health Organization 1999 criteria^3^ for lung cancer histological types, 26 patients had squamous cell carcinoma, 38 had adenocarcinoma, and 3 had large cell carcinoma. Patients were followed for 3 -- 97 months after surgery. The median survival time was 31 months (range 3 -- 97 months) and the 1-, 3-, and 5-year survival rates were 91.05% (61/67), 40.30% (27/67), and 20.90% (14/67), respectively. Table 1.ER expression in NSCLC tissues and adjacent normal lung tissues.Group*n*ER expressionχ^2^*P*Positive (*n*)Positive rate (%)NSCLC672841.797.8510.005Control^[a](#table-fn1-0300060516666229){ref-type="table-fn"}^551018.18[^2][^3]

ER expression in NSCLC and normal lung tissues {#sec9-0300060516666229}
----------------------------------------------

Positive ER staining was detected in the nucleus as yellow and brown granules ([Figure 1](#fig1-0300060516666229){ref-type="fig"}). ER expression was observed in a significantly higher proportion of NSCLC tissues (28/67, 41.79%) than adjacent normal lung tissues (10/55, 18.18%; *P* \< 0.01) ([Table 1](#table1-0300060516666229){ref-type="table"}). Figure 1.ER expression in lung adenocarcinoma tissues: (a) 100×, (b) 200× and (c) 400×. Figure 2.Kaplan--Meier survival curves for patients with ER-positive and ER-negative NSCLC.

Relationship between ER expression and clinicopathological features {#sec10-0300060516666229}
-------------------------------------------------------------------

ER expression in the 67 NSCLC tissue samples was not related to the gender, age, histological types, tumour size, lymph node metastasis, or clinical TNM stage. However, ER expression was correlated with the degree of tumour differentiation (*P* = 0.002, [Table 2](#table2-0300060516666229){ref-type="table"}). Table 2.Relationship between ER expression in NSCLC tissues and clinicopathological features.Clinicopathological featureER expression*n*Positive (*n*)Positive rate (%)χ^2^*P*Histological type Squamous carcinoma261246.15 Adenocarcinoma381539.470.834^[a](#table-fn3-0300060516666229){ref-type="table-fn"}^ Large cell lung cancer3133.33Tumour differentiation None or poor17211.7712.2670.002 Moderate25936.00 High191368.42TNM stage I8450.00 II241145.830.881^[a](#table-fn3-0300060516666229){ref-type="table-fn"}^ III321237.50 IV3133.33Tumour volume T18450.00 T2391948.720.205^[a](#table-fn3-0300060516666229){ref-type="table-fn"}^  T3--T420525.00Lymph node metastasis +441738.640.5240.469 −231147.83Gender Males452044.440.3970.529 Females22836.36Age (years) ≥60261246.150.3320.564 \<60411639.02[^4][^5]

Relationship between ER expression and patient survival {#sec11-0300060516666229}
-------------------------------------------------------

Of the 67 NSCLC patients, 28 had ER-positive and 39 had ER-negative tumours. Tumour ER expression was significantly related to the median survival time, which was 36 months for the ER-positive group and 27 months for the ER-negative group (*P* \< 0.05, [Figure 2](#fig2-0300060516666229){ref-type="fig"} and [Table 3](#table3-0300060516666229){ref-type="table"}). The 1-, 3-, and 5-year survival rates of the ER-positive group were also significantly higher than the rates of the ER-negative group (*P* \< 0.05, [Table 4](#table4-0300060516666229){ref-type="table"}). Table 3.Comparison of survival time of patients with ER-positive and ER-negative NSCLC.Group*n*Median survival time (months)χ^2^*P*ER + 28365.1690.023ER−3927[^6] Table 4.Comparison of survival rates of patients with ER-positive and ER-negative NSCLC.GroupN1-year survival3-year survival5-year survivalER + 2828 (100.00)15 (53.57)10 (35.71)ER−3933 (84.62)11 (28.21)4 (10.26)χ^2^4.4166.391*P*0.036^[a](#table-fn7-0300060516666229){ref-type="table-fn"}^0.0360.011[^7][^8][^9]

Discussion {#sec12-0300060516666229}
==========

In 1955, Olson et al.^[@bibr4-0300060516666229]^ first proposed that hormone-like factors were present in lung cancer tissues, and they raised the possibility that lung cancer patients might be treated with steroids. ER expression was first examined in tumour tissues by Chaudhuri et al.^[@bibr5-0300060516666229]^ in 1982; they tested 25 samples of lung cancer and found that 4 of the 7 samples of adenocarcinoma were ER positive, but all 14 samples of squamous cell carcinoma and 4 samples of small cell lung cancer were ER negative. Further studies conducted by Beattie et al.^[@bibr6-0300060516666229]^ in 1985 showed that the ER was expressed in the lungs of both healthy subjects and lung cancer patients but expression was higher in the cancer patients, suggesting that lung cancer is a hormone-dependent tumour. Moreover, Zhang et al.^[@bibr7-0300060516666229]^, Yan et al.^[@bibr8-0300060516666229]^, and Omoto Y et al.^[@bibr9-0300060516666229]^ investigated ER expression in NSCLC and other lung cancer tissues using a method or IHC; they found ER-positive rates of 49.7%, 14.3%, and 67%, respectively. In the present study, 41.79% of NSCLC tumours were ER positive, which is a slightly lower percentage than the findings reported previously. This difference may be due to variations in the staining methods, such as the epitope retrieval procedure and monoclonal antibody clones, or in the criteria for positive expression.

To date, most studies have shown that tumour ER expression is not related to gender, age, TNM stage, tumour size, or lymph node metastasis. This is consistent with the findings of the present study. However, whether ER expression is related to the tumour histological type or differentiation status remains controversial. Some studies have shown that ER expression in lung adenocarcinoma is higher than in lung squamous cell carcinoma,^[@bibr7-0300060516666229],[@bibr9-0300060516666229][@bibr10-0300060516666229]--[@bibr11-0300060516666229]^ but other studies have found no significant difference between them.^[@bibr12-0300060516666229]^ Similarly, ER expression has been shown in some studies to positively correlate with the degree of lung cancer differentiation,^[@bibr6-0300060516666229],[@bibr10-0300060516666229],[@bibr13-0300060516666229]^ whereas other studies find no such relationship.^[@bibr8-0300060516666229]^ In the present study, there was no significant difference in ER expression in lung adenocarcinoma and squamous cell cancer, but a positive correlation with cancer differentiation was detected. This suggests that ER expression may to some extent reflect the degree of malignancy and thus might be useful for assessing the prognosis of lung cancer patients.

The relationship between ER expression and cancer prognosis is controversial. For example, Zhang et al.^[@bibr7-0300060516666229]^ and Canver et al.^[@bibr14-0300060516666229]^ reported that ER expression is unrelated to survival in lung cancer patients. However, Vargas et al.^[@bibr15-0300060516666229]^ found that female patients with ER-negative NSCLC had significantly higher survival rates than patients with ER-positive tumours. Kawai et al.^[@bibr11-0300060516666229]^ showed that NSCLC patients with ERα+/ERβ− tumours had a significantly worse prognosis than those with ERα−/ERβ+ tumours (*P* = 0.00007). The reasons for these discrepancies are unclear, but they are thought to be related to factors such as cancer staging, histological type, and inter-individual differences. In the current study, the postoperative 1-, 3- and 5-year survival rates of NSCLC patients were higher in patients with ER-positive tumours than in patients with ER-negative tumours. Moreover, the ER-positive group also had significantly longer survival times than the ER-negative group patients. These findings suggest that ER expression is closely related to prognosis and might function as a biological prognostic marker for NSCLC.

In summary, the results of the present study reveal an important role for the ER in the incidence and progression of NSCLC and suggest that ER expression might be a useful prognostic marker for NSCLC. These results also suggest that endocrine therapy targeting the ER could be a novel strategy for the prevention and treatment of NSCLC. Animal experiments and clinical studies have both confirmed that ER antagonists can inhibit cancer cell growth^[@bibr16-0300060516666229][@bibr17-0300060516666229][@bibr18-0300060516666229]--[@bibr19-0300060516666229]^ and reverse chemotherapeutic drug resistance.^[@bibr20-0300060516666229]^ For example, combination therapy with an ER antagonist and cisplatin had good outcomes in chemotherapy-resistant lung cancer and did not induce resistance,^[@bibr21-0300060516666229]^ suggesting the potential for endocrine therapy in lung cancer treatment. Further studies could examine the role of the ER in lung cancer by targeting its function and expression with monoclonal antibodies and RNA interference, respectively. Targeted drug development targeting ER signaling pathway may provide a new directions, such as the combination of ER with DNA and the recruitment of coactivator. We believe that these findings may lead to new advances in lung cancer prevention and treatment in the near future.
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